OBJECTIVE. The purpose of our study was to evaluate the diagnostic accuracy of FDG positron emission tomography (PET) in comparison with CT in detecting recurrent ovarian carcinoma and its ability to reveal small tumor recurrence.
ecurrence is a major problem for patients with epithelial ovarian cancer. During the early postoperative period, a peritoneal disseminated lesion is the most common form of recurrence. Detection of a small volume of tumor recurrence in patients with epithelial ovarian cancer on preoperative imaging has always been imperative because patients with tumor recurrence with optimal disease found at second-look surgery have a better prognosis than those with suboptimal disease [1] [2] [3] . Surgical debulking is considered optimal if the diameter of the largest residual tumor is 2 cm or less and suboptimal if the diameter of the largest tumor is more than 2 cm at second-look surgery [1] [2] [3] .
Clinical evaluation with tumor markers or physical examination is of little diagnostic value in the early detection and localization of recurrent ovarian tumor, leading to a reliance on imaging. CT is the most commonly used diagnostic technique before second-look surgery. However, CT is limited in revealing small lesions; even if the lesion is detected, CT cannot confirm the lesion as a tumor recurrence if it is too small. Recently, several reports have evaluated the usefulness of FDG positron emission tomography (PET) in revealing recurrent ovarian carcinoma [4] [5] [6] [7] [8] [9] [10] [11] . However, to our knowledge, no reports show the diagnostic value of FDG PET for the detection of small tumor recurrence. The purpose of our study was to evaluate the value of FDG PET for diagnosis of recurrent ovarian carcinoma in comparison with CT and its ability to reveal small tumor recurrence.
Materials and Methods
We reviewed the records of 31 consecutive patients with surgically and pathologically proven epithelial carcinoma who were treated between January 1996 and March 2000. These patients underwent FDG PET 1 month before undergoing second-look surgery to assess recurrent tumor. Of these 31 patients, 21 patients also underwent CT. The range between CT and second-look surgery, FDG PET and second-look surgery, and CT and FDG PET was 5-30 days (mean, 17 days) , 3-20 days (mean, 13 days), and 3-18 days (mean, 5 days), respectively. The patients who underwent CT or FDG PET more than 1 month before second-look surgery were excluded from our study. Patients ranged in age from 17 to 70 years (mean age, 46 years). The pathologic cell types of the 31 epithelial ovarian carcinomas included serous cystadenocarcinoma ( n = 17), mucinous cystadenocarcinoma ( n = 7), endometrioid carcinoma ( n = 3), clear cell carcinoma ( n = 2), and undifferentiated or poorly differentiated carcinoma ( n = 2). At secondlook surgery, the presence or absence of tumor at 15 specific sites was recorded; these sites included abdominal and pelvic lymph nodes, diaphragm, omentum, mesentery, gastric surface, splenic hilum, hepatic surface, serosa of the large and small bowels, paracolic gutter, peritoneum of the anterior abdomen and pelvis, rectal serosa, and vaginal stump. The tumor masses, if present, were excised by debulking surgery, and blinded biopsies were performed at each site even when no apparent gross mass was present.
FDG PET imaging was performed using an ECAT Exact 47 scanner (Siemens, Knoxville, TN) with a slice thickness of 5.1 and a zoom of 1.0 for whole-body coronal, sagittal, and axial images and a slice thickness of 3.5 and a zoom of 1.5 for regional pelvic axial images. Transmission scanning was performed using a germanium-68 rotating rod source during a 20-min acquisition for attenuation correction of regional pelvic images. Patients were injected IV with 370 MBq of FDG. After an uptake period of 45 min, whole-body emission scanning was initiated with six sequential images from the level of the middle auditory canal to the thigh. Emission scanning was then performed during a 30-min acquisition for attenuation-corrected regional pelvic images. Regional pelvic images were acquired as a set of sinograms and were reconstructed by a filtered backprojection method. To limit artifacts, the patients were asked to fast for 12 hr and to drink more than 500 mL of water. All patients received 5 mg of IV furosemide (Lasix; Han dok-Aventis pharma, Seoul, Korea) and were catheterized to reduce bladder activity. In addition, diazepam (10 mg by mouth) (Valium; Roche, Seoul, Korea) was used routinely to reduce FDG uptake in the skeletal muscles. The standardized uptake value was calculated from the amount of injected FDG, the patient's body weight, and the soft-tissue uptake of FDG in the regional images with the attenuation correction.
CT was performed using a Somatom Plus scanner (Siemens, Erlangen, Germany) with an 8-to 10-mm slice thickness and interval. A total of 100 mL of iopromide 62.3% (Ultravist 300; Schering, Berlin, Germany) was injected as a bolus at a rate of 2-3 mL/sec using a mechanical injector. Incremental or helical scanning from the diaphragm to the symphysis began 45 sec after starting the IV injection of contrast medium.
Two radiologists retrospectively interpreted the same CT scans together without the knowledge of histopathologic results or other imaging findings and came to a consensus on the CT findings. If recurrent tumor manifested as a nodule on CT, the size and site of each nodule were evaluated. Miliary peritoneal seeding was considered to be present when peritoneal thickening and contrast enhancement was visualized on CT.
A nuclear medicine specialist retrospectively interpreted the FDG PET scans. This specialist was also unaware of the histopathologic results or other imaging findings. Whole-body coronal, sagittal, axial, and regional axial black-and-white images were viewed on a computer screen. If a hypermetabolic lesion manifested as a nodule on FDG PET, the size and site of each nodule were evaluated. Estimation of lesion size on FDG PET was based on correlation with CT. If the nodule on the attenuation-corrected pelvic image was more than 2 cm in diameter, the standardized uptake value was measured [12] . If the nodule was less than 2 cm in diameter and it was on the outside of the pelvis, semiquantitative and visual analysis were used in the image interpretation for tumor recurrence [13] . On FDG PET, peritoneal seeding was considered present when FDG uptake was prominent on the peritoneal lining and on the surfaces of the solid organs. The presence of tumor recurrence was evaluated on CT and FDG PET using the following three-level confidence score: 0, absent; 1, equivocal; 2, present. On FDG PET, the presence of a hypermetabolic lesion with a standardized uptake value of more than 3 was considered positive for tumor recurrence (score 2), and suspected tumor recurrence with FDG uptake on visual analysis was considered an equivocal lesion (score 1). Scores 1 and 2 were considered positive for tumor recurrence on CT and FDG PET.
The sensitivity, specificity, accuracy, and positive and negative predictive values were evaluated for the 15 specific sites on FDG PET ( n = 31), CT ( n = 21), and combined FDG PET and CT ( n = 21). These were compared with the results of secondlook surgery. Furthermore, these diagnostic accuracies were compared with each other using Bennett's test [14] in 21 cases in which both FDG PET and CT were performed.
The detection rate of FDG PET and CT was evaluated for all tumor nodules confirmed at second-look surgery. To calculate the detection rates for a specific tumor size, we included the number of nodules in the denominator that were larger than the tumor size; the number of correctly detected nodules was the nominator. Detection rates of tumors relative to their sizes were calculated and compared between FDG PET and CT using the McNemar test. Tumor sizes measured at second-look surgery and standardized uptake values of nodules of more than 2 cm were also evaluated on FDG PET.
Results
Of the 31 patients with epithelial ovarian cancer, 16 patients had recurrent ovarian carcinoma, and findings in 15 patients were negative for tumor recurrence at second-look surgery after first-line therapy. Eight of the 16 patients with recurrent ovarian carcinoma had optimal disease, whereas the remaining eight had suboptimal disease. Twelve of the 16 patients with recurrent ovarian carcinoma had miliary peritoneal seeding (Figs. 1 and 2) .
The overall lesion-based sensitivity, specificity, accuracy, positive predictive value, and negative predictive value of FDG PET ( n = 31), CT ( n = 21), and combined FDG PET and CT for revealing recurrent ovarian carcinoma for 15 specific sites were 45.3%, 99.7%, 91.0%, 97.1%, 90.5%; 54.5%, 99.6%, 91.7%, 96.8%, 91.2%; 58.2%, 99.6%, 92.4%, 97.0%, 
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91.8%, respectively (Table 1) . When lesionbased and patient-based diagnostic accuracies were compared among FDG PET, CT, and combined FDG PET and CT in 21 patients who underwent both imaging studies, no statistically significant difference was seen for diagnostic accuracies ( χ 2 < 5.991). Fifty-one recurrent tumor nodules were confirmed at second-look surgery. The size of the tumor nodules ranged from 0.3 to 4.0 cm (mean, 1.1 cm). Detection rates of tumor relative to size on FDG PET and CT at 0.3, 0.4, 0.5, 0.6, and 0.7 cm were significantly greater on CT than those for FDG PET ( p < 0.05) (Fig. 3) . Although statistically insignificant, tumor detection rates for FDG PET were inferior to those on CT between 0.7 and 1.8 cm. The standardized uptake values of FDG from these measurable tumors of more than 2 cm in diameter were 3.7-16.5 (mean, 8.1).
Discussion
The treatment trends for patients with epithelial ovarian carcinoma include initial surgical staging with aggressive primary cytoreduction followed by multidrug chemotherapy [15] . Second-look surgical reassessment may be performed in patients who have completed a planned course of treatment to document disease remission, restaging, and secondary cytoreduction, as well as to evaluate 
A B C
Note.-Numbers in parentheses are the data used to calculate the percentages. a Overall diagnostic accuracies of FDG PET and CT were compared in 21 cases in which both FDG PET and CT were performed using Bennett's test [14] . There was no statistically significant difference of diagnostic accuracies between FDG PET and CT when both sensitivity and specificity were simultaneously compared ( χ 2 < 5.991). the response to multidrug chemotherapy. However, this invasive procedure involves the expense and discomfort of major abdominal surgery and results in disruption of the patients' normal activities. Furthermore, recurrent ovarian carcinoma occurs in 20-50% of all patients even after the findings of secondlook surgery are negative [16] [17] [18] [19] [20] . Another group of researchers documented the overall rate of morbidity at 19% [21] . Problems with second-look surgery have led clinicians to seek other techniques such as peritoneoscopy for monitoring response to therapy [22] . There is a clear need for accurate, noninvasive diagnostic imaging to formulate an optimal therapeutic strategy for patients with residual or recurrent ovarian carcinoma and to monitor tumor response to therapy. Diverse imaging techniques have been used for this purpose. Among the imaging techniques, CT is most often used before second-look surgery. CT has considerable limitations revealing small peritoneal implants, which are the most common presentation of recurrent epithelial ovarian cancer. The overall sensitivity of CT for revealing residual tumor or tumor recurrence is reported to be in the range of 40-61% [23] [24] [25] [26] [27] [28] [29] . In addition, CT cannot definitely confirm tumor recurrence when only small nodular lesions are detected. To overcome these inherent limitations of CT, other diagnostic techniques, such as PET, CT with intraperitoneal administration of contrast material [30, 31] , and radioscintigraphy using indium or various tumor markers, are alternative methods [32] [33] [34] .
TABLE 1 Diagnostic Accuracy of FDG PET and CT for Revealing Recurrent Ovarian Tumor at 15 Specific Sites
Several reports have suggested that FDG PET can reveal lesions otherwise missed on CT in recurrent ovarian carcinoma [4] [5] [6] [7] [8] [9] . FDG PET is a form of computer-assisted imaging that produces images reflecting the biochemistry of tissues rather than their physical characteristics. It has the potential to reveal the biochemical differences between normal and malignant tissues in primary and metastatic malignancies. For these reasons, reassessment with FDG PET before second-look surgery in recurrent ovarian carcinoma is gaining acceptance because of the possibility for tumor confirmation when the conventional imaging findings are inconclusive. However, FDG PET also has limitations in revealing small lesions because the clarity of the technique is hampered by the metabolic activity of the tumor.
In our study, FDG PET did not improve overall diagnostic accuracy in revealing recurrent ovarian carcinoma compared with CT. Although patient-based diagnostic values of FDG PET for revealing recurrent ovarian cancer were comparable to those of other reports [4] [5] [6] [7] [8] [9] , the overall lesion-based diagnostic accuracy of FDG PET was much lower. In addition, FDG PET was inferior to CT in revealing small tumors in patients with recurrent ovarian carcinoma. Although in the report by Karlan et al. [6] the researchers could identify tumors of approximately 1.0 cm in diameter using FDG PET, we found detection rates for the nodules of less than 1.0 cm in diameter to be poor-lower than 50% in our study. As a result, we suggest that FDG PET should not be used as a routine screening technique for the detection of recurrent tumor in patients with recurrent ovarian carcinoma in which disseminating small peritoneal seeding is common. Furthermore, FDG PET cannot be performed in patients with suboptimal disease in detecting tumor foci considering the same detection rates as those of CT for nodules that are more than 1.8 cm in diameter. However, additional analysis of sensitivity, specificity, and accuracy based on the combined FDG PET and CT subset in the 21 patients who had both studies showed a slight improvement in sensitivity without a corresponding decline in specificity. This finding suggests that an appropriate further study would reveal the marginal value of FDG PET in those patients with a negative or equivocal result on CT.
The principal limitation of this study was that the FDG PET technique might have limited the sensitivity of PET in our study. Specifically, because the transmission imaging was performed before the injection of FDG, the potential for patient motion was present. We made every effort to maintain the exact position before and after the FDG injection by marking the position on the patient using an Exact ECAT PET scanner. The use of measured attenuation correction rather than segmented attenuation correction increased the noisiness of the attenuation-corrected images. Also, we used only non-attenuation-corrected images outside the pelvis, which would be considered a limitation by many. Finally, the use of filtered back-projection as the reconstruction method rather than an iterative reconstruction method was another factor limiting the sensitivity of our PET technique. Therefore, further study with a new FDG PET technique might be warranted.
There are well-known problems with FDG PET. This technique is poor in determining the location of a lesion with only faintly revealed anatomic landmarks. To increase spatial resolution and allow localization of the tumor foci, other researchers have used a fusion image with anatomic imaging such as CT [6, 35, 36] . Another recognized problem with FDG PET is the false-positive and false-negative re- sults. We experienced one false-positive result with an infected pseudocyst; other observers also reported false-positive results in patients with recurrent ovarian carcinoma on FDG PET [4, 5, 9] . Such results are unavoidable because FDG uptake is dependent on the metabolic rate of the imaged tissue. We experienced another false-positive result with FDG in the ureter on initial interpretation. Differentiation of physiologic colonic (bowel wall and lumen) and urine activity from tumor uptake of FDG is a difficult task. However, we could differentiate miliary tumor implants from bowel by tracing the physiologic FDG uptake on sequential FDG PET images. This task was not easy. Also, we experienced one false-negative result when FDG PET was performed 11 days after the completion of chemotherapy. The protocol for FDG PET at our institution is to perform the technique at least 3 weeks after the completion of chemotherapy to reduce false-negative results. When this patient underwent FDG PET 10 days later, recurrent tumor was detected.
In conclusion, FDG PET did not improve the overall diagnostic accuracy for detecting recurrent ovarian carcinoma compared with CT. Rather, FDG PET was inferior to CT in its ability to reveal small tumor recurrence.
